Albuquerque, NM 87 185 kdchoqu @ sandia.gov The device performance of edge emitting las&rs can be improved through the use of multiple section lasers. For example, cleaved coupled-cavity (C3) devices have demonstrated single mode operation, wavelength tuning, high speed switching, and short pulse generation via mode locking and Q-switching [l]. Using composite resonators within a vertical cavity laser opens up new possibilities due to the unique ability to: (i) tailor the coupling between the monolithic cavities; (ii) dynamically modify the cavity interaction; and (iii) incorporate passive or active resonators which are spectrally degenerate or detuned. Previous photopumping studies of coupled vertical cavity laser structures have demonstrated three mode coupling (two photonic and one excitonic) [2] , dual wavelength emission [3] , and short pulse generation [4] . We report on electrically injected coupled resonator vertical-cavity laser (CRVCL) diodes [5], including two novel modulation approaches. Fig. 1 shows a side sketch of the CRVCL which consists of a lower 1-h thick active resonator containing 3 InGaAs quantum wells and a passive upper resonator composed of 1-h thick undoped GaAs. In the bottom active cavity we employ selective oxidation of AlGaAs to form buried oxide layers for efficient electrical and optical confinement. Electrical contacts to each cavity provide independent current injection into the resonators, thus producing a three terminal source.
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To analyze the CRVCL, the laser field is written as a linear superposition of the passive coupled cavity eigenmodes [6] . The eigenmode solutions shown in Fig. 2 illustrate the interaction between the resonators can be controlled by variations in the optical path length in one of the cavities. For example, small changes in the optical path length of one resonator can be achieved with injection of carriers; if we extract light from that cavity, the laser output will be modulated. Moreover, the mode amplitude in the active cavity and its frequency can be designed to have negligible change, the latter enabling chirpless modulation of the laser. Fig. 3 shows the laser output characteristics for a 20x20 pm CRVCL device. In Fig. 3(a) the maximum laser intensity decreases with increasing forward bias current applied to the passive cavity, as expected from Fig. 2 . Spectral misalignment between the laser gain and cavity resonance produced by parasitic heating could also modulate the output; however this phenomena will be accompanied by a significant red shift of the laser emission. We observe that the "off' state of the CRVCL with 20 mA forward current into the passive cavity (simultaneously with 35 mA current to the active cavity) produces a spectral shift of 1.1 nm, while operation of the CRVCL at 60 mA into the active cavity to quench the lasing emission without passive current produces a spectral red shift of 2.3 nm. Thus the modulation of the CRVCL occurs due to a coupled cavity effect rather than a thermally induced spectral shift. Finally Fig. 3(b) shows the intensity modulation obtained by reverse bias on the passive cavity. Here the laser modulation is not related to carrier induced changes, but instead is due to electroabsorption in the GaAs passive cavity under the large electrical field. Using this means, large signal modulation up to 50 MHz has been achieved, limited by the experimental apparatus. 
